The stent-assisted coil embolization technique has been increasingly used in the clinic, but its efficacy and safety have yet to be assessed. This study aimed to evaluate the efficacy and safety of stent-assisted coiling in the treatment of microintracranial wide-necked aneurysms. Between May 2007 and November 2011, a total of 35 micro-intracranial wide-necked ruptured aneurysms were occluded with Enterprise stent-assisted coils. The patients were followed up for two years. Stent-assisted coiling was performed successfully in all cases, and stent placement was satisfactory without any complications. Of 35 aneurysms, 13 (37.1%) were completely occluded, ten (28.5%) had residual necks, and 12 (34.2%) had residual aneurysms. In the two-year follow-up, no aneurysm rupture occurred and no patients had nerve dysfunction. All patients were reviewed by digital subtraction angiography or computed tomography angiography. One patient had a residual neck (2.8%), and no patients experienced stent restenosis or thromboembolic events. In general, stent-assisted coiling is effective and safe for the treatment of micro-intracranial wide-necked aneurysms.
Introduction
Endovascular occlusion has become the main treatment technique for intracranial aneurysms. However, treatment of micro wide-necked aneurysms is considered very difficult because the aneurysm wall is thin and the space is small. 1, 2 Consequently, endovascular strategies to manage micro wide-necked aneurysms have frequently employed a stent as a support to keep the coils inside the wide-necked aneurysms and allow dense packing of the aneurysm lumen. 3 In recent years, the stentassisted coil embolization technique has been used to achieve improved outcomes in patients with micro wide-necked aneurysms, but the efficacy and safety of the stent-assisted coil embolization technique have not been further assessed. This study aimed to evaluate the clinical efficacy and safety of stent-assisted coiling in the treatment of micro-intracranial wide-necked aneurysms.
Materials and Methods

Subjects
From May 2007 to November 2011, 35 patients with micro-intracranial wide-necked aneurysms who visited our hospital were enrolled in this study, including 23 (65.8%) males and 12 (34.2%) females. All patients gave informed consent, and the study protocol was approved by the Ethics Committee of The Central Hospital of Sui Ning City. The patients ranged in age from 41 to 68 years old (median, 53 years old). All patients had ruptured aneurysms characterized by spontaneous subarachnoid hemorrhage confirmed by brain computed tomography angiography (CTA) or lumbar puncture. The patients were classified by the Hunt scale: 21 patients had a Hunt I aneurysm, and 14 patients had a Hunt II aneurysm. All patients were diagnosed as having micro-intracranial wide-necked aneurysms by digital subtraction angiography (DSA). Mean aneurysmal dimensions were 2.6 AE 0.4 mm (2.0-3.0 mm), and the body:neck ratio was <2. The distribution of aneurysm locations was as follows: posterior communication artery (22 aneurysms), middle cerebral artery (8 aneurysms), and anterior cerebral artery (5 aneurysms).
Endovascular treatment
All procedures were performed with the patients under general endotracheal anesthesia and neurophysiological monitoring. The location, size, and shape of the aneurysms as well as the relationship with the parent artery were shown by brain CTA. A 6-French guide catheter was selectively inserted into the internal carotid artery after whole body heparinization. With the guidance of a digital road map, a 2-French Enterprise stent microcatheter was advanced to the parent artery with the guide of a 0.35-mm microguidewire, and the microguidewire was removed once the head of the microcatheter was positioned at 10-15 mm over the aneurysm neck. The Enterprise stent with microguidewire was pushed from the distal catheter to the front catheter. Next, the stent was positioned so that the proximal stent marker fully covered the aneurysm neck. The microguidewire was advanced, and the catheter was withdrawn slowly so that the stent could be gradually released from the catheter. The aneurysm embolization microcatheter was carefully placed into the aneurysm cavity through the mesh stent with the guide of a microguidewire. Aneurysm occlusion with Guglielmi detachable coils was then performed using standard procedures. If the spring coil was not stable within the aneurysm, the stent was released to cover the aneurysm neck, which then pushed the spring coil into the aneurysm. Patients were injected with a bolus dose of 0.4 ml of heparin calcium postoperatively once every 12 h for three to seven days followed by oral administration of aspirin (100 mg/day) and clopidogrel (75 mg/day) for three months.
Angiographic evaluation
According to the improved Raymond classification, 4 class 1 was defined for complete obliteration, including the neck. A residual neck (class 2) was defined as the persistence of any portion of the original defect of the arterial wall as seen on any single projection but without opacification of the aneurysm sac. Any opacification of the sac was classified as a residual aneurysm (class 3).
Follow-up
The patients were followed up by DSA or CTA. The total number of months of clinical follow-up for each patient was recorded. During the two-year follow-up, aneurysm rupture, recurrent hemorrhage not caused by the aneurysm, postoperative complications and the degree of aneurysm occlusion were examined.
Results
Operation outcomes
The operation was performed successfully in all patients. No complications related to the operation occurred. A total of 35 Enterprise stents were placed in the intracranial blood vessels. Angiographic examination immediately and postoperatively showed that 13 (37.1%) aneurysms were completely obliterated, ten (28.5%) aneurysms had residual necks, and 12 (34.2%) aneurysms had residual bodies. No complications such as stent occlusion or shifting, intimal artery tearing, occlusion of the parent artery and the branches, aneurysm rupture or thromboembolism were observed.
Clinical follow-up
At the two-year follow-up, all patients recovered well with no aneurysm rerupture or nerve dysfunction. All cases were followed up by DSA or CTA. Once the aneurysm was completely occluded postoperatively, no aneurysm recurred. At three to six months, three (8.5%) patients had residual necks and six (17.1%) patients had residual aneurysms. At six to 12 months, two (5.7%) patients had residual necks and no patient had residual aneurysms. At 12 to 24 months, only one (2.8%) patient had a residual neck. No stent restenosis occurred, and the small perforating and branching arteries from the parent artery within the stent were not occluded (Figures 1 and 2 ).
Discussion
The stent-assisted coil embolization technique has been accepted as an effective and less invasive alternative to surgical clipping to occlude ruptured and unruptured cerebral aneurysms. However, follow-up studies have shown that some cases undergo compaction of the coil ball and recanalization or regrowth of the treated aneurysm. 5 In particular, micro-intracranial aneurysms bleed more easily during the process of embolization. 6 Moreover, the chance of microaneurysm hemorrhage has been found to be five times that of nonmicroaneurysms during the operation because of a ruptured aneurysm 7 . In recent years, the application of different stent-assisted coil embolization techniques has shown promise, but the safety and efficacy remain to be further assessed.
In this study, a favorable outcome was found in all cases using the Enterprise stent-assisted coil embolization technique to treat micro-intracranial wide-necked aneurysms. First, the stent can effectively stop the spring coil in the parent artery, thus avoiding the interruption of blood flow. Second, according to the principle of hemodynamics, inflow blood flows along the mesh stent dispersion and reduces the impact to the aneurysm wall after stent implantation. Third, the parent blood vessel flow pattern is regulated, decreasing the risk of coil retraction and aneurysm recurrence. Moreover, this technique can promote the lining of the aneurysm neck. 8 As stents are foreign bodies, they will likely lead to different degrees of vessel stenosis and platelet thrombosis after stent placement. Due to the distortion of intracranial blood vessels, stent implantation causes parent artery shifting and complications such as vascular spasms. 9 In this study, all patients were followed up for two years. DSA or CTA showed that no aneurysm recurrence, stent restenosis, or stent displacement occurred. To the best of our knowledge, a patient should be treated with aspirin and clopidogrel as soon as possible before stent implantation to prevent acute aneurysm rupture and rebleeding. Heparin was administered to prevent acute thrombosis during the procedure, as well as for three to seven days postoperatively, and aspirin and clopidogrel were administered for at least three months.
The use of a spring coil to treat an aneurysm can easily lead to aneurysm recurrence because the coil may accumulate or shift into the aneurysm sac. Although the dense tamponade can reduce the rate of aneurysm recurrence, it may increase the risk of rupture for very small aneurysms. 10 In the treatment of small and very small aneurysms, a less dense tamponade can achieve satisfactory results because it reduces the rate of rebleeding and induces the aneurysm to occlude completely or the residual neck and residual cavity to narrow. 11, 12 At the two-year follow-up, among 22 patients with residual necks and residual aneurysms postoperatively, 21 aneurysms were completely occluded and only one patient had a residual neck; no rebleeding occurred in any of the 22 patients.
Conclusions
Stent-assisted coil embolization of micro-intracranial wide-necked aneurysms is technically feasible, with good outcomes. However, the number of cases and the follow-up time periods were limited in this study. Therefore, further studies employing a larger number of cases and a longer follow-up period are necessary to confirm the efficacy and safety of stent-assisted coils for the treatment of intracranial wide-necked aneurysms. Figure 2 . DSA images. A) Preoperative image: the diameter of the aneurysm neck was 2 mm, and the diameter of the aneurysm body was 3 mm at the left posterior communicating artery aneurysm. B) Intraoperative image: the aneurysm was completely obliterated with an Enterprise stent-assisted coil. C) Image at 6 months postoperation: the case was followed up by DSA 6 months postoperation, and the aneurysm was obliterated.
